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(54) BUS SYSTEM FOR INFORMATION PROCESSING 
UNIT 

(57) Abstract 

PURPOSE: To maximize the use efficiency of tiiree kinds 
of bus, i.e., a system bus» a memory bus, and a 
processor bus. 

CONSTITUTION: The processor bus 111 where 
processors 101 are connected, the memory bus 112 
where a main memory 104 is connected, and the system 
bus 113 where input/ou^ut devices 105 are connected 
are connected to a three- forked line connection control 
means 103. The respective address buses and control 
buses of the processor bus 111, memory bus 112. and 
system bus 113 are connected to the three-forked line 
connection control means 103 to transfer addresses and 
control signals mutually and a bus memory connection 
controller which generates a data bus control signal is 
provided. Furtiier. the data buses of the processor bus, 
memory bus, and system bus are connected to the three- 
forked line connection control means 103, which has a 
data bus svwtch for mutually transferring data on those 
data buses according to a data bus control sig 
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(54) fi«5iiaSBM/'?X$^Xv^A 



(57) mm^ immw) 

mm :/n^yiM 0 i^tjgasnfcp^nir^y-y-nx 
llli:. ;*-f >pt^y 1 0 4;&tSa^n>£:pC:eUAX 
1 1 2 i:. Aa:^x/MX 1 0 5;&tg^$nfc->X5^A 
7XX i 1 3 tifiHB^»mSi=l > h D-JW#a 1 0 3 tcS 

m^n^. 2:<DHx^&gfa!3>hD-;u^ai 0 3IC 

a. :^D-fe!ylJ-/tXl 1 1. ;)^^Onxi 1 2. i^XT^ 

A AX 1 1 3«>-etnfn<z>7 H]^xAxaiS5f5i;tx#tffi 

ttStl. ffiSJcy KkX3Sfct^«Iffl!©^^£teiJ|-r^i:^ 
^aiOSlCj^, T^D-feylJ-AX. >t^ijytX. S^Xt^ 

AAxcD-en-^ncDT^-^^Ax^tsttsn. t'-^^^ax 

JC* ^in e <D5r— ^ /^X Jb07=— ^ffia 



0 / 



3 V?-^-T^ 



/0/_ ^/OZ 

1"^ 



5 

//2 



I :r^^^ 



—725— 



Uf23 > h □-^PnxfcSSttjrsfflSn > Kn";um^ 

m^m 1 E®o^4iaj®g®ffl/xx v-xt^a, 

(»*S5] ft5na>^n'fer/i^/TX(cJgSg$n/S:g?r82:/n 

^^mtT^m^m 1 E«cosa«i3SKBffi/tx>'X7^ 

Ao 

Sv'XT'A/txo^E-n^ndtTHi^x • y^^»mmjt 



(2) 4$HV4-2 27 5 57 

^/tX->X^Ao 

Es/X7^A/tx<D-eti^n;6tT H wx • y^—^0mmn 

^/tXi^X-T-A, 

m*x/W xswr««^ffi^BcDy'?X'>X5^A-c» 

oT. 5>?S:< tt)— ^«)K:/D-feyiJ-At»a$n:fe7^D 

^3a:<i:t>— o<DKAffi:^5^/t>rX3itS«:^nfc-> 
XT^A/'^Xi:, K:/niiyi^/tx. Kpt^UAX. Si^ 
X5^AZtX<Z)'=E'n^tl<Dr3 > h U—JW^XRZST H l^X 
Ax*t^»;^n, WSyn-fetyifnx. 
X. SSSaS^X-T^A/tXCD^n-etlfiDx— :J'/XX±C?>5^— 
^a)/XX« D#;tffl<C^5^-:5^/1X©I»(g^i£»^-r2> 

t(^ffi:/aiIyt^/tx. iJE^c^unx. Wffis^x 
-a? nx. Mia^^u/tx, iWBv'X^^A/^xcD-en-ienc!) 

la^^U/tX. iJSBi^X'T'A/tXCP-^COgJET^-^Sr/x 
XJ:WifE5*— tecD— -^COISIB^— :5^AXJ:l;ie 

Ca}^JS9] iJE7^^x^y5^^at3:WE:/D'lr^vli- 
/tx, einaj>t^uAx. B9i2->x5^A/^x<D-tn-rn<o 
fltrgBy^-:$^/tx±cog!JEx"-5^ s-en-en^ y ^^-t-s ^ 
30 v^^Wth. SJEyn-fesz-y-AX. flJEpcqeu/^x. fitr 
iBv'X-rA/XXc^)'etl-?n*w5ct*;bTa:frte>ti. gBfil 

- ^ 5^^a©a A &s«^T-5m-oii u ^ 

A. 

ij'>txjfccxt9g2->x5"Aytx(o-en-f ncauET H u-x 
/txifcjjsa^nT^ytTKwxit^&aiRu gaE>^ 
^unxajaaffiT HL^x/txicsim-r^ii-cD-feV'^ h 
^a^i. t9E:;rDiry9-nx&(:Xt9ffi->X'7^AAx<Dffil 
En > h n-;WXXXtf aSET H UX/tX±kl2SW$n 

-:$^/^xffl«i^t-^3fcimsz:co-feU'i7 h^a<o-few^ k 

TSSf«]@ 8 E«<z>tSfflS&ffiSieffiy tx S^X5^ A. 

xffi^ai©^frS::J^. i}E:/n-fe5;iJ-Axt8JE>t^>J 
50 /tXcDffiaSlfP^ffdCt^&ilSaiiT^SJ^JSBERCD 
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3 

(B[*«13] zfa±y^. ;*-f>j^^U, AWA5^n 

x<^'en^pn7^as$tu 8!rE:/D-feyij-/tx^i9is^ 

l8E:/D-fe-yth/'{x. fl3rE;*^U/tx. fitrE-^X 
5"AnX<0-?-n-?n(07'— ^^/tX^CDT^— :5^<0/XX$« 
DS;^S)tJ£)07^-:$^/1X^^e^*»^r-5t^Je:, 
K^^-^/xx^WM^JcS-::?^, t(rE:/nii-;-9-/tx, 

SrE>t^U/tX, Wffi:^XxAAX<D— OCOffilE^-^ 
AX^OUEt^— teCD— -DiZ^JJET*— r5^VtX±tC 

T^«««B31«affi/tX2^XxA, 

-fe*>tJ-/XX. iJEjPt^UAX, 85E->X7^A/tXc3D-tn 

•?ncot9Ex-^^/tx*t»ift$n. ssrE5^-;$^/'^x®» 
{i^*::JSt^#. i5E:/D'fetyiJ-/tx. ifE>t^unx. 
WE^x^ii^nxio— ocoijfET'— 3'/^x_h©itrE7'— 
-ft&©'-':?*^taE5=-^'/tx±fcte26"r'5;fc«S)C07' 

-5^x-f •y^^a&wr^i:i:^»i^t"r-5is^j®i 3 

E^C^ffljaSgSffl/tXi^X^Ao . 

-fe'^-y-nx tg9E->X5"A/tX<0-etl-6ncoME7 H I- 
X©^^S«U iOE^^UAXO^UETHUXAXk: 

1 4E®o«iisaa«a«/tx5^x5^Ao 
^Rt;ft9E7 H uxm^ffixtt^n. sje^f^-^ axm 

[a*si7] fifrE:rD-t-/i#-nx(cti*?^<tt)-:3 
«>sf*3si 3E«cr)ffiraMBiasBffl/tX'>XT-Ao 

[ffll«jai8] WEya-feyif/txfcSiK^SrnfcftJE:/ 
D -fe y -y-ic:*^ ^ ^ U S/X 5^ A;OSffiiK $ tiT ^ c 

t^W»i:-r^»a*3®l 3E«<0«aja3gKffifflA*X^ 
X5rA. 

IS[«^19] fiJE:/n-feu/1f^^x, KrE:>^^unx, 

ijEi^x-T^A/^xo-en-etD&tT h ux • ^'—^^mm 
/xxTfescts^a^-raw^JBi 3E«cDfi5f^iai3s 



(3) «*ffl^4-227 5 57 

4 

saMnx->x5^A. 

[W«ja2 0] atjE^en^hD-ji^aictt. atrEir 
^»atf 5i»«3si 3E«o«^ii^sffi/<xe/x 

T^Ao 
[000 1] 

$ n$ /XX i^x 5^ Aicsrr 

[0 0 0 2] 

[ss^oatw ^««a3s&Brt(7>nx->x7^Atta£5fe, 

/W 1 1 2# (1 9 8 9) , ^4 1 7M'-4 

2 4H* (BYTE, Volume 14. Namber 12 
(1 9 8 9), p p, 4 1 7-'4 2 4) <^L. Brett 
Glass, "I NS I DEE I SA" fCjfi^enTVi-SA* 
X>'X5"A<DJ:5K:. ;*^U;tXi:>^XxA/tX*«{H>^ 
l3:/n-feylh/xxicgjiKSnTVi-53&\ Xtt:/nii?/tJ- 
il£? AXi:;'t^>J/XX)Qf5H>«fJCS^X5rAAXfc:»tt^?nTV> 

[00 03] 

[WWJ&^iSftUcfc^ir'r^^S] t&^Ji, v-X^rA/^X 
<h;?ttiJAX;0t]3git)i(rfrrst^^t)ia)^^-f h;)^^U 
y^-feX (Direct Memo ryAcc ess, KTDMA) (D 
IStc, :/^•fet;t^Ax*mfiE:al^;&^^?€?;5:Vifc^^), :/n 
•kiy1f/'<XOffi^S9*;^&tSJ<;^:5, ft^^;, :/d 

•fe5/1fnxt^^»JAX)&ti^i!iibf^T^. l^t)«3>^;*-f 
>;<^>J 7^"tX<0Btc^X5^AAX;&tfflfi:affT^ft 
50 y^^Tcit^. i^X5^A>rtX<^)ffiffi3Kl^70«S<?&:^i:Vi'5Kja 

[0 0 0 4] J^:fe> Ctl&Ofl£*<D/XX>-X7^ACD«« 

[0 0 0 5] *SgiWOS«Iti#/tx<7)«MJ»^&fi:tei: 

[0 0 0 6] *ssMfl!>ffi<DBe9tiyD-fe!yii-nxt>cqE 
u Axoiiaafpi: v-xt^ A/tx<^3aa:Kif^&if «p(cfT 
5 ;i t ;&r»rffi;i/tx -^xt^ A§fi«"r-5 c t Kii^o 

40 [0 0 0 7] *5S^CDHJ^SSfi9l*>'X7^A/tXt>CqE 

u/txc^>aB!^s^lf^^yD"ky•t^/txcoa^c^^lfp*l^^^r 

ff 5 C i:*^pJiB?a:/XX>'X5^ASJi«-r^ t JZfe^o 

[0 0 0 8] (OS;&:-5<i9<oa«l«. v'X'rA/t 

X. /^U/tX» >^a^yt^AXC0 3S<OAX*^^^< 

3 *£^±fflsssi3n^»&<D. #AX(o^sw 

«aiS»»ffl/tX->X7"A*Sft-r S C 

t lefts. 

[0009] 

*»Wrc:fev^Ttt. ::irD-feyif/tx. ;>^^U/tX» 
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5 

[0 0 10] ■r&t)^. {P:f^<t:^ 
coo 1 2] *^m^\t. ii(Dfi^Kn>hn-;i/^a 

[0 0 13] ^m\Z\tXL(r>^--^)\7.7.^-y'f'>if^WL 

10 0 1 41 Mir. *%^tc^viTJi. ^m(on^\tPt 
[0 0 1 51 ±5BLXt*K^cD««fc^i5T> :/a-fey 

'v.T'^-feX^^r/P-fetyU-^-f >';»C^U T^il 

^S*U?it.>CDT, :/P-t:yif/txfiffli:L.x»frr^ 
[0 0 1 6] rtifccfcD. zm(Dn7s<j>^m^^&x 

[0017] 



$$ra¥4-2 2 7 5 57 
[0 0 1 81 *5H8<0^-OIISS«8&B1-H6 

[0 0 1 9] HI. H2. a3IC;feV^T. *^bT. 1 

0 l«N® (NliKSO or/P-ir^-U-, l 0 2Ji;*^i^5^ 
5^3.^^Ui^X7"A (cache) > 104J±^-<>^^U 

(main memory) . 1 OSfiMH (M\tW80 <D5^X5^ 
i^^AxS^a^^/t-f XTftSo S^X^^A/XXffiS^r/t-fX 

lOStUT^l. 5=/f Xi? • :77^Jl/^n>hP-^, 
JSB -^^Sn^hP— *y • Me58n> 

hP'-^^OV^t:>J5>SAaJ:f) (I/O) T^n-fx^^ 
T. 1 1 itt:/p^'yifytx. 1 1 2ri^^unx. i 

1 3ii5^XxAAXT»So -eUX. Hlk::fett'51 0 
3ftH3^K»ttn>ha— 02. H3lc:fefrt 
^2 0 1. 3 0 lttAX»S!3>hP— 2 0 2. 3 

0 2tt;*^iJfiSS3>hP-^T?&So 

[0 0 2 01 H2. H3»C^bfcfle3fe<Z)AX>'X'rA{C 
^ViT. H2^fie^X5^AAXl 1 3 t>(^UAXl 1 
2)flft^>erAX^zi>hP--^2 0 l<i:^^Ua«!3> 
hP-^2 0 2Jr<i;^T. r/P-fe^y-tfAXl 1 liC^ir 

yItAX 1 1 1 t>(^U AX 1 1 2*t«-4r/tXfiian> 
hP-73 0 1 <!:;><^Uff^tt3>hn-^3 0 2lCcl:o 
T'>X7"AAX1 1 3fc:affiS:i'«K$n«>«^i:;^t3T 

[0 0 2 1] H 2 0#|^£tC:feViTfl. v^Xt^AAX 1 1 
SOSiKT^A-f XI 0 5<i:;?t^U/N*Xl 1 2±<0^-Y> 

yn-fe^^i^-Axi 1 i^iSS-rSo ^Oitib. r/Pir^ 
■y-l 0 1 i=»^A-!yS^:x 1 0 2ra. &sv^i«&<z)ypiH: 

^^-y-i 0 ira©7^-:$^eai^«>:?^P'fe^/i?^Axi i ico 

H3<Z)««Jt:Bvmt. :/Piry*tM 0 l^;*-f > 
>tqEU 1 0 4^:CDfffl-e5^^J^aS)!>tfTt>tl^, BfSS. >^ 
Piryii-pt-f >;)t^UT^^ilXtC:feViT, v-X^AAX 

1 1 SSSS-r^^ltfc^&r-Sifca?). ISRODv'X^^AAX 
»»7^A-f X 1 0 5ra<07*-^^e2l^cr)vX7^A/1X 1 
1 3CDJffi5ia5fP^:/n-fe!7'tf>-f >j?^^UT^iiXi:|^ 

[0 0 2 2] cnJC^U *«lBcO^-00|gffifiajT»$ 
® 1<DAX£>X5^A-Ctt. :/P-fe5/thAXl 1 1. 
UAX 1 1 2St^e/X^AAX J 1 3 0 3ffi<OAX;&<. 
=Xa»JS3 > h p— ^ 1 0 3 K: J: 0 . HXBWJCSaK 

•fe^-y-Axi 1 i^mmvis.^^<o'c. zfxi±.-j^nx\ 

1 i<oaAKf^^DMAS6fPii^^K:5lfT-r^ttd«-p 

X. >^Piry'!^;<-f >pt^<J7i^-feXC!>S^. 
Xt^AAX 1 1 3^ffi*Ua:(r>CD-e. v-X^^AAXl 1 
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(5) 2 7 5 5 7 

^ 8 

m^^^&k\ct^zLhffi^^^. 0 v^xt^ak:;^ i i atcov^T. 2 o o>t^?A^ 

[0 0 2 3] 0 1 K:^b>£:*KK<OS 1 ©5£ffi« h/«J^cr) 5 0 5«<D 1 0 0 h/g^STl/^VtX^ 

«<D^«*£a«JfcKW-r5to n-fe5;it/tx 1 1 1 fi, 10 0 ;?t*f;W 

[0 0 2 4] 01, H2. S3©/1X->X5"A»Ci5Vi t:U^. 2 5 0 h/S>TL.A^afPT^;aVia ^ 

T. :/a-fe!y'9-AXl 1 l(om::k'T—if7.)V—'/vh^ fcC:<D^:€5^ZTrA/tX l l 3«. SIHWrc (2 0 0- 

4 0 0 ;*^/t-f h/^. ;?t^U/tX 112 cag*5^-t$' if? 1 0 0) = 1 0 V/'&^Wi^^. afoT. 
X;U— HS4 0 0^:tfn-f h/|J>. >'X5='AAX l DMAS^KI O 0;>t:tfA->r h/»<D7 0%T*5>7 0 

1 3CDa*a^-^XJl— P^y h^2 0 0;^:tf/t>f h/» ;*?tfn^ CCD®:*. j;C^Unx 1 1 2'n. 
ifS, X, t/D-fe^iflhAXl 1 l|C:fettSpt^>^qE <Dll«Ji (1 0 0 + 7 0) = 1 7 0 ;^:tfn>f h/S't^i 
yT^-irXOit*S4 0 96, $^X5"A>?XX1 1 3 ;A^UA-X1 1 2 Ji2:cDS*fc*t«:pIffiT»So £t 
SDMA©ifc^^£7 0«, /tXfi!gg3>hD-^2 0 1 ±*t86-5i:. H 3 cr)aE*C0/tX->X5rA(C:fett-5 3S 
XtX3 0 1 <^S±;tXffi»lfc^& 5 0%«!:TS. K±<Z) coy^X0!>«MSa?PJ4. :/niry-y-nxi 1 l3&t2 5 0/ 
*f}:-e. :/D-fer/lJ-A*Xl 1 1 tS^X-SrA/tXl 1 3;&< 40 0 = 6 2, ;A^U/tX 1 1 2;&t i 7 0/4 0 
*fcS:*:rr— ^^X;W- T^y h7?Sif^LJ;5iilx:fe®&<D 0 = 4 2. 5%. 5^X5^^/^X113**1 0 0/2 0 0 
^A*X->XxJUcDftigffffi«T8ao4:^07?fe«. = 5 0 5tfi^^. 

[0 0 2 5] Bi2<Dae*a>/tx5^X'p^AT«:. v' a? [0 0 2 7] cnjw3*jL.. ^%m<Dmi(D%mnv^^ 

X^^AAX 1 1 3dtg:fcx;i— h<02 0 0 p^^f/W 0 1 0/tX->X5^A{r:feliTfJ. :/Dir^1fAX 111 

h/«>TS&f^U<fc5i:'rsa:. -tCD 7 0 S^T?*^ 1 4 0 i^A. 0 0 :^i^n^ h/'&'^m^VX^ ^-f^t. *<D4 

h/li^<0DMAoS*7&V^x}Sjan>hn-^ 6 0p<:tf;t>f h/»<35pc-r >;*^iJT4^-fc:XSI 

2 0 ll::5|i&n^, AX»iHzi>hD-^2 0 1«, f ^fA^ H^KSiK:^ > ha-^ l 0 3 fcSl^nSo X> 
D-feo/tJ-nx 1 1 1 Jct^ViT. 4 0 Opt;tfA-f h/«>(0 v'X^aa:;^ 1 1 37&t2 0 0;»t:^n< h/e^T»fPLi: 

5 0%7?*S2 0 0^:tfyi^ h/»*TAX|gS3&*prtg 3<t"r^^, -ecD7 0^CD14 0>^:3tf/t>r hcDDMAS 
7?*Sfca6. 1 4 0 ;:<^A-f h/«^C9DMAi?*:^T^ :R;&t, -e-n-?nHXK»«:3> ha-^ 10 3 \zm.^fl 
m.Wr^. Z.(0^m. ->X5^Anxi 13«2 0 0>:?!f =^te»iRn>hP-^l 0 StiT/P-teylJ-jpt-f > 
A< h/»TiKjfPT^§iQt. :/n^-;i^AXl 1 1 H:D ^tUr^H:X®*^DMAS^^^tJ^T. (16 0 
MA1?*<0/S:«S)» ^gWIC (4 00-14 0) =260 30 +14 0) =30 0;j^^A-f h/|J>(Z>S*^^^iJ AX 
;^:^/t-f h/e^TU;5^®ifP^^;5:Vio ciot^. yo-fe 1 1 2\zmo. pt^U/^Xl 1 2 ttccos^foSl^^ti 
^iJ-;*O^^UT^irXli, 2 6 0;;t;«;;t-f h/0><?3 fi£oT> :/P'feyi^AX 1 1 1 tt4 0 0 ^>tf7t-f h 
4 0«T»^ 1 0 4;<^/t-f h/fj>{r;a:«». tt^T. ;* /S>T, 5^X5^Anx 1 1 3 Ii2 0 0 ;?C^A^ h/g>T? 
^UAXl 1 2'x©S«tt (140+ 104) =254 ftf^-T^;! a±JriD, i§lUC^bfc*S! 

>:«fyw h/^<!:;aD, ^tunxi 1 2«^:os«{c W©mi cD*»W(^)AXi^XrrAJ;i*frt-5=a(C)/^xo:) 

St^SBJiBiTSc-S. H 2 <?>a63fe<OAX P'Dir.ytf/tX3&t4 0 0/4 0 0 = 1 0 0 

i^X5^AJC:fett^3@(DAX<Ofleffl3a*tt, yaiz^ytf >^^UMX 1 1 2)Gf«3 0 0/4 0 0 = 7 5 %, >-X 

AXl 1 l;5*2 6 0/4 0 0 = 6 5%. ;»^^UAX1 1 5"AAX 1 1 3**2 0 0 /2 0 0 = 1 0 0 Stfift:^. 

2*«2 54/400 = 6 3. 5%. ->X5^AAX 1 1 3 [0 0 2 8] K-hcoja«^S 1 SfC^bfc. * 1 13^^ 

*t2 0 0/2 0 0 = 1 0 0«t3a:S. 40 *^;&:<fc^(C. 3fs:%WfCj;-5BI 1 <OAX->XxATJ^, H 

[0 0 2 61 0 3<Dta£3fcconx>-XT^A"et3:, :f m<D;x7,a>mmi^itmi<\zu^^izimm^n^. 

a-fe^-tJ-Ax 1 1 li>tm:kXJU—^y h<D4 0 0;<3^fA [0 0 2 9] -A- 

h/«»TBSffb<t^^1-^i:, ■^■©4 O^CDl 6 0^* [381] 

B 1 0 2 @I 3 

T^D-fey^h/tX 111 <0*MBa^ 1005tf 65?« 62. 5X 

p<^Unxi 1 20ffi^ia* 755^6 3.5^4 2.55^ 

->X5^Anxi 1 SOffiffla^ 1005^ 10 0% SO % 

*:»Wcoa**ceaft«?*&^'mtefi^fc5felk^, [0 0 3 01 H7, HSrcfel^T. 7 0 1&t;7 0 3li 

07. 08^ffltriT*«WcoS2. «30SaSSWT»e ®B3CD=*^^^y->j.y^U ->X5^A (Cache) ^ffijanr^ 

/tx^'XxAK:'z>^riTK59-rs. 50 ^mm,maum:/airy^i^ii^ soi^tmi<o^^v 
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9 

:/n-feylJ-7 0 1, 7 0 3 tcgx^»n>hD— ^7 

0 5&SsSgt"«:/n'feyij-nx. 7 0 sfat/D-try-t^n 

X7 11. 7 12. p^^U/tXl 1 22&tXi^X'7^A/^X 

1 1 3&SIST«ta3^BSE«Sn>hD-^T*€»o X, 
7 0 2> 7 0 45fcCX8 0 2li. #-^:/D•fey-!^7 0 1. 
7 0 3Rtf 8 0 llCHS(»C}filS$n$4^V5.S/cL>C^U 

[0 0 3 11 H7t:^-r*«?ao®2(D^i£Wf:::fel.> 
T. 2*(0:/Dir^y-t>-/^;^7 11. 7 12. :?t^UAX 
1 1 2S:tX>';^5rjt»>/^Xl 1 3cOHS42|ia>/<X3&t, 

^tiTt'^^* :/n-feyu-7 0 1 jSLXf? p 3 \t,mm<o^^r 

^y $^:i^^y ^Xt'A7 0 2S2/7 0 4*ffijKT^J5^ 
l&tX7 0 3tt. ^^<Dmm^^y^=i.:<^V7 0 2R 

[0 0 3 2] HTfc^^iT. P3^K«Srr>bD-^7 

:/Dirtl^"y-7 0 1. 7 0 3ra<D3l^i^. DMA^MfrU 
Tfr-pfeO. &SVi«:/D-feyt^7 0 lfci:'S;'<<>>c 
'^EUr^irXi:, :/D't:^/-tf-7 0 2l;:cl:^>-X5^A/^X 

[ 0 0 3 3 ] a 8 mi \zmvrc.m i <Dmmmmm. 

:/niryif/tx 1 i i, pt^u/txi 1 2&t^>^x^A 

AX 1 1 3 <DHS(D/XX*t. H^K^an > h D-^ 1 

0 3K:<fc?). =X5»±lcfi^$n/S:«fifc^Wt-§o :/n 

-ky-^S 0 l\tMW\<D^^yz^:ju/^^U>^:^v^A (each 

>^D-fe5/iJ*8 0 icos-^fl, SSU=^V!y->:x^q& 
U 8 0 2'\f4ya-feyU-nx$^r$"r(wT^irX^^. 
X. :?^Di:!yifnxi 1 i$*wr^e:^*^T^-5. S 

fc. 0 8®*5!?qroS3cr)mjgWOAXv'X5^A^tt. 
Hli:[^«^C, DMAit^D-feylJ-AXl 1 ICDjaiSm 
f^&ffifrl/Tfi'^, *-5l>>i:/niiytJ-A*X 1 1 
<D;<'f >;?l^UT^^-feX«h^X5"AAXl 1 SOS&f^^ 

[0 0 3 4] av>T±iebfc*sseio^*?io^fiB<D^ 

mi. EI7fc^Lfc^— . SHcOim«(D=3^^Il 
>ha-^l 0 3©Piffl«d£«rKM"rs*t. 07tC5^U 
?S:!Z3XB»tt3>hn-^7 0 5 IC*^ViT«>|i5»fC«« 
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[0 0 3 5] B4ttHXB»Sn>hn-^i 0 
3<0 2fiC0fta©»K:<fc^«*!g&3^UTli^o H4fc 
:BViT. =Sg&SSn>hn-^i 0 3fctt. ^a^^y 
•tf/tx 111. pt^'JAx 112. ->xxAnx 113 
j^tgiK^nrv^So cinecoyxxfj. thi^xa* 

X4 1 1. 4 14. 4 17. $gftmX4 12. 4 15. 
4 1 8. ?-5^/^X4 1 3. 4 16. 4 19fCct-3T8l 

1 0 3Jd:2ffl<D««HniK. T?^t>tAX • ^^Uffiftn 
>hD-^401. 5^-^^y'?XX<y5"4 0 2iC<J:t>T 
«^^n-5c fflU Hi%g&««zi>hD-^l 0 3tt. 

[0 0 3 6] :5^/tXX-f y^4 0 2fl. :/n-feytJ- 
7'-:5'/XX4 1 3. ;?CqBUT^-;5^AX4 1 6. S^X5^A 
X-:$^AX4 1 9 0 3aOx-i5^/'?X*HX»ttfCgaS! 
•r^o -eixT. /tX * ^^y»«3>hD-^4 0 ld> 
6fflASn^5^-:5^/tX®9<t#4 2 0 JCfEoT. 3® 
BO COt"— ^AX4 13. 4 16. 4 1 9 <0««f. WlBU 
SCX^^-iS'AaAlSlfiKDMffllSff 5« AX vpt^ 

U»«n>hp— ^4 0 in. :/Dir^>i^-7 HWX/tx 
4 11. :/niryii-ftIffimx4 1 2. vX5^A7Kl^X 
AX 4 1 7. 5^X'7^AM^AX4 1 Si^^SiRStl^, ^ 
LT. :/D-fe-/thAX 1 1 1 iiv'Xr-AAX 1 1 3<0tt 
ffi^BSSf^, X. pt^U7Kl^XAX4 1 4, pt^rU 

^i9Ax4 1 5. Rz^y'—iSfnxmmm^A. i2^diti 

LT. P<-f>>^^U 1 0 4&rA5^— i$^AXX-f u/^4 0 
2$^ffil-r^« :^AX$!lfflHt^4 1 2 ^C-^liTtt^ 

[0 0 3 7] AX • ^^y»ffl3>Kn-74 0 1 tt. 

:/n-kytJ^Axi 1 i;&^&:/o^yl>'^>r>;*^iJT^ 
HrX^S*Sn;^S^. P^n-fe'ifi^-AXl 1 li:pttU 
AX 1 1 2 ^aSiafP^iJ-T. ->X5=-AAX 113 $SS 
Itl&fP^-e:^, HJC. S^XxAAXl 1 Sft^BDUAifl 
S?«^n*:«-&. e^X-r-AAXl 1 3ii;)t^UAXl 1 
2Sag&afp^-ti-T, :/Dil!ylJ-AXl 1 H^fflStafP 

^S-a-^. ya-try-tfAxi 1 i^i^ev'XerAAxi 

1 3'x<Dy^-feXJ5«. A'StrU^v'XT^AAXl 1 3;^^ 

eyp-fet/iJ-Ax 111 ^cor^-fexs*dtj&o:fcS^ 
fa:. yp-t:yifAx 1 1 1 1 v'X^rAAx 113 ^msb 
Wsi^^it^. X. Jgrc:/P-fe!yi^AXl 1 lff^e><DS^ 
ite^XT^AAX 1 1 335i6<!>S:t*tag^'r*»&. m?L 

[0 0 3 8] H5tt. H4»pfiD7'— ^^AXX-f r/^4 0 

T. 5 0 7. 5 0 8. 5 0 9\t^^:fu±y^ry^^/^ 
50 X4 13. ;><^U5f^-3^AX4 1 6. vX^rA7=-3^A 
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X4 1 SkSRf ST^:5'Aa:ftH^<A. 5 0 1, 5 
0 2, 5 0 Slix-^^^y^^EIK (Latch) , 5 0 4, 
5 0 5, S 0 e\t'T—^±U^^ (Selector) T» 
^. v^n-i^lsl»5 1 ori, MX • ;?^*Uga!3>ND 
—^4 0 1 <S7=-^^/tXKffif«#4 2 0 ^7=3 

— HUT. 5 0 7, 5 08, 509C0a 

A-f (Enable) 511, 512. 513 

X— ^irl/'^'^S 0 4, 605. S06(D±U^h 
e# (Select) 5 14, 5 15, 5 1 6 ^^ricTTS. 

[0 0 3 9] ^-i$^^V^5 0 1, 5 0 2, 5 0 3ICtt 10 
*^:/D-feyif5^— ^nX4 1 3. >^'J7^— ^nx4 
16, v'X't^At^— 3^KX4 1 9*^60A:^!j5^— 
y^SnSo •feP'^^^S 0 4, 50 5, 506ft&-^r>^ 
a-trylJ*5r-3^nx4 1 3, ;?C^U^— 5^/tX4 1 6, 
$^X5^Ax-^^AX4 1 g'ViOtBA^-^J^Sr, <aCD2a 

0, 3a©T^-:$^ytx<D3'&ftScDl®A^e(SDAA5^- 
(n^h^f—^ ffl* UTfficD— :^ Jcia W \\ h ^> 

^4 2 0K:<fcoT, 3|iCD5r— ^/tX^TOaaKfP, 

45 S 3 ifettacoD 2 aoassftf^ 1 m(r> 

[0 0 4 0] 06tt, 04ff'OOnx • j>cqEtj^ri>h 
n— ^4 0 1 ©|#iiS6«!ri£®— ^«&35^-reiT*S<. 13 
6IC*ViT, 601, 602, 603, ^ 0 A\tXmtS 
Hv-fA, 6 0 5, 6 0 6. 6 0 7. 6 0 81t^vy^|ni 
K (Latch) 6 0 9, 6 1 OJi^'zi-^^® 

K, 6 1 1, 6 1 2»X>n-:^^IsJK, 6 1 3 fiB&SS 
SLgT*§->-'5r>1f, 6 1 4«5'3-i5^lHlKT?35^. ^ 
X. 6 1 6 1 6«;<^»JKS®#^fig 

88, 6 1 7{i'5^-^/XX®f?g^t^«l8Tfe^, 

[0 0 4 1] yD-fevi^THl/XAX4 1 1, :/a-fey 
1f^fflI/1X4 I 2, >'X5^A7Hl^XnX4 17, vX 
5"A©I^AX4 1 875^SC0AAe^fi, ^^Xm^\^'7 
-fAeO l, 6 0 2, 6 0 3, 6 0 4$^M^T. 
058 6 0 6, 6 0 7, 6 0 6, 6 0 8 {C^y^;SnSo 
2a07Hl/'X/tX75^i&A:^$tU ^!y5^l5lK6 0 5, 
6 0 6JZ^ty^^nfcTHUX«, &^7^n-:$^tiIB6 

0 9, 6 1 0trT5^n-Hi^ns. 2 4» 
a<D$[iai/XX4 1 2, 4 1 8;^>6C!>m^A:^&T»^^^/ 
9^lHrK6 0 7, 6 0 8 Ot^-^^ t^^^UT, S>«rx>3 
-^^[pj»6 1 IRCKe 1 2K:J;oT, :/P-fe.yiJ-AXl 

1 1 a:->x7"/^Ax 1 1 z<r>^m^7rcrmn\zx,>n— 

H$n<&o 2:nicJ:D, AX • ;<^USl«zi>hn-^ 
4 0 1 :/Diiyifytx i i i RIXv-x-t^AAx i i 

[0 0 4 2] X>3-^^IenSS6 1 1, 6 12fcJ:?)X> 
3-H$n)S:yDirt/iJ"AXl l 13&t/^X5^AAX 1 

1 3(D«ffi©^«, fiS3SiSt»gT»S->-'5r>1i-6 13 ^ 



*$B8¥4-2 2 7 5 5 7 

k:A*;Sn^o 5^— 5r>-9-6 1 3W:, 2aa)/txi i 

1,11 z<Dw&mm^^. ft^o/tx 
^*u/txi i2<D»fp«ij[mu ri-KfiSpstuTm 

i^— ir>i^6 1 3«, tR.ffl<o^-f ^ap^niry 

[0 0 4 3] 5^->5r>lJ-6 1 3*>6a:;l!j$n)ta-Hfll 
fflJt7^3-5^lSK6 1 4fCcfcD7^3-H3n> Affl*H 
^-f/teOl, 6 0 2, 6 0 3, 6 0 4<oaA-f4^— 
JHg#6 1 8, 6 1 9, 6 2 0, 6 2 1, -feWi?5^llI» 

6 1 5<oirW'irhe^6 2 2, pi^usifiiM^^ase 

1 6, 5^— ^/tX^ffil«^^«l86 1 7'>.©;)<^g«ffl«I 
I3-H6 2 3, XlC/T^^^/^xeiain— F6 2 4, Rtf 
Aai:^K^^/^6 0 2, %0 4^^t\^nit\^1t^ti^ 
V'^mnnT.A 1 2,. S^X-7^A^ffli;tX4 1 8-.0«® 
a*©^6 2 5, 6 2 6<!:L.Tffi*Sn-5. 
[0 0 4 4] Am*H5-fM6 0 1ft. ^X5^A/tXl 
1 335^i&ya'fey1^AX 1 1 I'^CDTi^^X^J^Ufc® 
'g^lC, 5^X'7^ATKWX/^X4 1 7^4e(Z>AW*r 
XS::/a-fe5^iJ-TKVX/tX4 1 1 tcUi*"rSo X, A 
ffi*H^< A6 0 2H, ^U^y^mn7sA\2\Z. 
:/Dir!yt^AXl 1 l<Dti:«Tffiae>6n&®«fflA«^ 

6 2 5^aj:^'r^o — AaAH^-f;t6 0 3^1:, 

D-fey-fJ^/tXl 1 130^^5>X^AAX1 1 3'N.CDT^ir 
X;5«^i;fcS-&f::, ::/D-lr*;;1f7 Hl^xnX4 1 1*>^ 
COAWSr K1^X^>'X^ATH^X/XX4 1 7lcai* 
•r^» X, Affl^H^-f A6 0 4^1, ;xX5^A®®7^X 

4 1 8fc, s^xt-aax 1 1 ztD^mrr^'&tb^tiitmm 

ffl»®^6 2 6*ffl*-r^. 
[0 0 4 51 'tlx^7 5'[elte6 1 bU. zfW^ry^y 
xnX4 1 1 ai->X5=^A7Hl^xAx4 1 IH^^TYV 
X7)^A:^$n, >tqBUAXl 1 2'^cr>T^^-fe:X*«^Cfc 
S-S-IC, ;&«:atRLT;?t^UTHP'X/tX4 
l4fcm:^'rSo p^^U«®e^^ffi6 1 eri, 
H2fSi©8S^l.T«figU 7^rr-i/l5iK6 1 4;&«W*^ 
^^^UKffll3-H6 2 3$:j>CtUAXl 1 20ttSr 
«a6 tife * U Sffiim^fc^^ VX:^ ^ U ®S/tx 4 

\s\zmii'r^. 7^^/txMffli®^&«ffl6 17*>3 

'r<55r-:S^/^XK®3— H6 2 4$, T^-^/tXX-f y 

5^4 0 2 jc«-rsx-^>'^xsg®a^4 2 0 icsEauT 

[0 0 4 6] ^±S^JEL/tH^^]Rn>hD-^l 0 
3f*90AX • -?ttUfi^n>hD-^4 0 Itt3ac9/1 

x<DSi», «:^x-f h^(7>sjffli^ff5^:^3^T^ 

So 

[0 0 4 7] ?I^SZ^, ±ffiL)S:HXK«ttn>hD- 

5 10 3j^®&a5^^, ©^fZOViT<Z>-"|?JSCT$H 
9 1 9 ViT»ar-5o 

[0 0 4 8] H9fc«:, AX • ;)t^U«iezi > hD— 5 
4 0 l;0^6v^^3^Axx-f y^4 0 2^ffl:ft$n'55^— 
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^/txsi»©#4 2 0 -enrcsfctKUTxH-^s i 

OTT^n-H^n^^AWAH^-f/tSO?, 5 0 8, 5 
0 9<OX^-:/;|/S^5 1 1, 5 12. 5 1 3. 5r-5^ 
'fel^^i^5 04. 5 0 5, 5 0 6<D-lrU^ h©^5 1 
4* 5 15, 5 1 6t<Z>Hffi<D--0!i£^bTViS, [^0 
S-bacD^Xi5^ (master) , ;3^P— ^(S lave), U 
-H/^^K (Read/Wrete) cD&fflti, x— 

11-51 Q\znm^^mn^^mtviiL. s-tacos 
^►o c:cD7^-^y^xww<i^ (dt-cnt) 4 2 0tt 

V^T^H;^ttffi (I del) TJi, DT-CNT4 2 0W 

0 ( "0 0 0" ) -C^So 

[0 0 4 9] -en-FncOX:^->r;Hf^ (D i R_p^ 
DIR-M. DIR-S) 5 11, 5 12, 5 1 3tt. 

Atti*H^-f ;t5 0 7, 5 0 8, 5 0 9<D-^n-en:5tA 

13<0^^ "0" , m:t)<Oli^ 7?^^. ^U-^hS 20 
^ (SEL-P) ^\A\t.^\^^^h0 4ffi^^^)n 

X 1 1 2m^msir^^^ "o- > >a^aa*a 1 1 3 
iffl^sfiit* ^(t* "1- -c^:6. X, •t.v^vm^ <s 

EL-M) 5 1 5H> -trUir^5 0 57&t:/n-fe^;;-y^/^X 

1 1 lfi!l^£M«-rst€r "0" . v-At^AAXI 1 3W 

^js^f^a:^ "1- mc, ^^.x^^vmn (s 

EL-S) 5 16ti. -feb-i^^^S 0 BT^tyD-fer/iJ-AA 
1 1 KS^SWT^t^ "0" , pi^UAXl 1 2ffi!|*. 
3S«-rsi:^ "1" *HlCcfcO, x-^'AAA 

•<y5^4 0 2(05^^— :5^5 1 OfcA:^$nSDT-CN ^ 
TA2 0\ZX^. -r— i^'AXA'f y^4 0 2rt<0-fel/^ 
^^504—5 0 6, Aa:^JH^-f/t5 0 7-5 0 9<0©l 

ffin£^n^n*fTT^. HaoAxc[>gar*r6ift5ffli*«oi 

[0 0 5 01 *Jw. *»^(C:fett-5HX»g^Sg3>hD 
— ^10 3<0»ff^M4<DHXKSSg3>hD— 5 1 0 
3JCS«$n^AX§»ffl<bL}tHl 9CD«^a<i:01 
7, 01 8(0^-f ^>y^^-h^^V^TSiMr-&, 

[0 0 5 11 cn^CD0(C;feV^T. HI, 04^:1^— <D 
«F^ti|^— «i$i^^LXl^^So 19 10, 19 11^^-^ 4» 

n-en^fecov'X^AAASiRT^A^rA i o 5tc5tt«rr^ 

DMAVX3^ I/O^A<X, Al^-:/l/07^A^A 
S::^fo H19tfT, Ti^/UyS^m^ (ACK) 19 
0 2«::fDir^/lM 0 I'vco^Sfi^-CfcO, U-K» 

[0 0 5 21 n«^THl/XAhn-p^m^ <RAS) 1 
9 0 3, ^^ATHP-XXhn-ym^ (CAS) 19 
0 4, h-f ^— (WE) 1 9 0 5\t^n^ 
tl;?C-r>-?c^U 1 0 4(D>t^>Jffiigi/tX4 1 5k:S§6n 5^^ 



^^^¥4-2 2 7 5 5 7 

14 

@^ (AD-MPX) ft^tX • ;<^U»R3>hP-^ 
4O10rt»©^T*O, *«^*«A-f<DtSD»>TH 

l^x&. n-<ot^:^^i*THl^A^ai*t- 
^. 5>X^AAXi^5>H^^ (S-GNT) 190 6 
\t. ->XirAAXS«5^A>fXl 0 5T&D, DMAV 
X^^iCftiO^SI/OT^A-f XI 9 1 Ort^v-X-T^AAX 
1 1 3 &«MllFW^J^j3t, DMA-^XrJ^rrjarSCi:^?! 
ffitCf^'bCDTfe^o THWX/T^-i^XhD— r/©^ 
(S-STB) 1 9 0 7»>'X5"AAX^X^^*tal:^f 
St)<^^?. DMATi^irXCDt^ttDMA'TXi^^ I/O 

5^A-f X 1 9 1 oft^ativ. 3^D-k^i^ I /o7^±^:x, 
cot^tt, nx • ;?<^U»»3>hn"-^40 i7&«a*r 

XW— (S-ACK) 1 90 8«> i^X^A 
AXXI^— :/C0«S«^T?i&D, DMAT^-feX(3!)«r 

tt, ytx-^^USE«:3>hp-^4 0i;&^tB*U 
D-fe^^-y-i^xf^AAx I /O5'^^'trxco^«xi/-r^ I 
/ot'a-yxi 9 1 idtffl^T^o y-H^rsT^-^oD 

T1 9 0 6, S-STB 1 9 0 7. S-ACK190 

8, &vu-H/^-f hoywi^m-rmn (s-rea 

D) 1 9 0 9 i:frJ->XrA^ffllAX4 1 8 iz^^tl^m 

mmt^m^e 2 6\zm^^. ^^x^^aaxtki^x (s 

-ADD) Fiv'XT^Ar FI^XAX4 1 7fci@Si^n^o 

>X5^AAXU-H/^^ (S-REA 
D) fi/W (H) cr>i:#U-H^^fo 
[0 0 5 3] HI 6fX?tX^^Ug5jSrj>ha-^4 0 
10'>->r>-y-6 1 3 CDttffiS^cO-|^«^ScjK-r®T? 
a^^o X. HI 0-Hl 5ttSl 6IC^b:t#teSlffico 

^•n^n<o«ffiSig<otascr)x5^'> 

AAXT^A-f XU-H. yD-fe-;U-5^X5rAAX5rA< 
X^-f h, DMAU-K,. DMA^^ hJCj^/iS-r^o 
"O" BI;^«®^C0TU— h^^U S-READ190 

9(D "H" , "L" \t^ti^timnm/>^^. a-^mti 

[0 0 5 4] H16fc::fel.>T, Ml 2\ZM^^^:f}^^ 
y-9-$^XirAAX7^A-f X • U-K(^)X5^y:/S 21? 
Jt, ->X5^A/XXXU-:^(7)x-;$^fi|JE«F%;Q^fTt>n 
HI 3fc»«-rS>^n-fe*y'tJ->'XT'AAX5^A>fX 
h<0X5^y:/S 3 7?«. ^-^ hiS:S^^*«fTt)n 
HI 4fc?t{6:'r*DMAy-H©X'7^y:/s 1-e 

i:-S<0 U - H/^-f h Wse^rtSEoT^fecox^y :/S 2 
«)aSt5fe*«^*-&« X. DMAU-F<DX7^y:^S8. 
DMA^-Y KDS STli, DMAVX^^CDS-STBO 
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[00551 H9-Hl6»C<t OS3e$n^R2ICD^-f 

[0 0 5 6] r;it>%, (BMCC) id7i;j;>^^u^ 
n>hD-^4 0 l;^ta:it,fsct^. X (I/O) tt 
DMATX^^ I/OT^/l-fXl 9 1 0. XfiyDtytf 

1 /ox/K X 1 9 1 1 **n-en^-r- 

[0 0 5 71 BI5JC^f5^-^/1XX-f 5/5^4 0 ii? 

2C5>^s/^laIK5 0 i> 5 0 2. 5 0 3fc3:x^>?hU:«f 
:7Uyy:7Dy:/K:i;D««$n, hit, Hisfc^ 

t^^ftivi; (CLK) (DSC^±;5ftD7?^^^^*nSo X 
^S^-"hW# (START) 1 9 0 l?t:/D-fe^lM<Z>a 

^/i^ (CLK) OA^Ji;^ttlTr Hl^X&^y^bTfie 
fflfS, iE-K>fiT». M-ADDr3:;?^^yTH!^X/tX 

4 14lC25e,nS^tU7')s*l^x&*t"o X> P-Dat 
a. M-data, S -datafl-eti-€^lT:/n-lr ^/iJ-^r— 

X4 1 3v ^^U5^— :5^nx4 1 6. 20 
X4 1 9k:2ieinR:5'"^$. MtC, P-Latc 

h, M-Latch, S - Latchti-etHftX^ ^5^5 0 1 . 

5 0 2. 5 0 3lC5ry^^nfc7^5^^^t-* 

[0 0 5 81 HI 3-e^Uifc:yD-fe*:yt>-5^X5^AytX5* 
/W KOX^^y^S 3Ttt. S-ACK7^th-h 

2 7?^b?t:?^Pir !y1t'>X5^A/tX7^AW X HCDX 
5^y7'S2T. S-ACKTi^-h^^rCcfcO'^X'Y h 

^^^x-f h*u-y^-Y4^;K X7^y:/s 3ts-stb;^ 

[0 0 5 91 aiS^Tv DMA'^-f hOX7^y:7'S IT 
ti. ^«»3S-STBT1f"h^^K:<t^«:7x< hj&ti 

[0 0 6 01 EJl±> »jSUT^;t09-'El 8fcl?5^bfc 
::«rftT, 04. as, H6o/xx^^Uffi«3>hn- 

^4 0 1, x--5^/^XX^^y^4 0 2^afp$-t^r-5;it 4^ 
aiJC^U«:H^Kft)Bga>hD-^l 0 3<D— 35 

[0 0 6 11 H7K:^Ufca3XKaiK3>hn-^7 0 

[0 0 6 21 X. JiSBl^&H4«T<?)aiKfc::feViT«. 
:^a-feyt^>rtx 111. ^^UAXl 1 2. S^Xt^AA- 
X 1 1 33&«^T7HUX • 'r-^»mAn7.\zr^'DX^> 

*»Wtt, THP-X-T^-^S^^MS/tXfCbH^ SO 



«$H^4-2 27 5 57 

1 1 1 iiv'XT^AAXl 1 ZffiT Hl^X * T^-i^^fifl: 
/tXT*^a-&lctt. H4K::feV>T. yD-fey-y-THV 
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